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2.0  Abstract 

The DǊŜŜƴκ5ǳǿŀƳƛǎƘ wƛǾŜǊ ǿŀǘŜǊǎƘŜŘ ƛǎ ƛŘŜƴǘƛŦƛŜŘ ƻƴ ²ŀǎƘƛƴƎǘƻƴΩǎ олоόŘύ ƭƛǎǘ ŀǎ ōŜƛƴƎ ƛƳǇŀƛǊŜŘ ŦƻǊ ƻǾŜǊ 
50 different pollutants (including toxic and conventional parameters) under the Clean Water Act (CWA). 
Portions of the study area are also on the National Priorities List and are in various stages of sediment 
cleanup under the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) or 
Superfund, and Washington State Model Toxics Control Act (MTCA) programs.  

Washington Department of Ecology (Ecology) and the U.S. Environmental Protection Agency (EPA) are 
developing a Pollutant Loading Assessment (PLA) to understand the relationship of water, sediment, and 
fish tissue quality to the overall health of the Green/Duwamish River watershed and Lower Duwamish 
Waterway (LDW) in Washington.  

A group of linked modeling tools are proposed for development as part of the PLA focusing initially on a 
number of toxic pollutants including a diverse mix of lipophilic chlorinated hydrocarbons 
(polychlorinated biphenyls [PCBs]), polycyclic aromatic hydrocarbons (PAHs), phthalates, and metals. 

The purpose of the PLA is to address water, sediment, and tissue quality impairments (i.e., 303(d) 
listings under the CWA) in the Green/Duwamish River watershed, including the LDW, as appropriate, to 
attain designated uses. It is a tool for evaluating the effectiveness of sediment cleanup and associated 
source control efforts in meeting water quality standards. It is also designed to predict bioaccumulation 
of pollutants in the food web. 

This project was initially developed by Tetra Tech under the contract with EPA. Due to the 
discontinuance of funding from EPA, Ecology has taken over and led the modelling team since 2018. This 
Quality Assurance Project Plan (QAPP) is built upon the previous PLA QAPP (Tetra Tech, 2016) and model 
development publications developed by Tetra Tech. This QAPP provides updates to the toxic modeling 
parameters and the approach for the watershed and the receiving water modeling. The project team 
expects an update to this QAPP again in the future to specify the management scenarios for the 
receiving water model and the modeling approach for the food web model.  
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3.0 Background  

3.1 Introduction and problem statement 

The Green/Duwamish River watershed provides habitat for wildlife, birds, and fish, including three fish 
ǎǇŜŎƛŜǎ ƭƛǎǘŜŘ ŀǎ άǘƘǊŜŀǘŜƴŜŘέ ǳƴŘŜǊ ǘƘŜ 9ƴŘŀƴƎŜǊŜŘ {ǇŜŎƛŜǎ !ŎǘΥ tǳƎŜǘ {ƻǳƴŘ /ƘƛƴƻƻƪΣ tǳƎŜǘ {ƻǳƴŘ 
Steelhead, and Bull Trout. The Green/Duwamish River watershed includes the land surrounding the 
Green River and the Duwamish River, as well as the land surrounding all of the tributaries that drain to 
the Green and Duwamish Rivers, including Hamm Creek, Black River, Springbrook Creek, Mill Creek, Soos 
Creek, Crisp Creek, Newaukum Creek, and Christy Creek and their tributaries.  

The lower five miles of the Duwamish River, known as the Lower Duwamish Waterway (LDW), is now 
largely an engineered channel. Decades of industrial activity in the lower watershed have contaminated 
portions of the surface water, groundwater, soil, and sediment with a variety of pollutants. Remediation 
of contaminated groundwater, soil, and sediment is being planned, is under way, or has been completed 
at numerous locations along the LDW under the supervision of federal and state authorities. A large-
scale Superfund in-waterway cleanup, involving sediment dredging, capping, and other remediation 
techniques, will occur over the next ten years in the lower five miles of the river. 

In contrast to the site-specific focus of state and federal cleanup programs, the Clean Water Act (CWA) 
looks broadly at the cumulative water quality effects of pollutants on impaired watersheds. This CWA 
requirement is implemented through a series of steps, beginning with development of state water 
ǉǳŀƭƛǘȅ ǎǘŀƴŘŀǊŘǎΦ ²ŀǘŜǊ ǉǳŀƭƛǘȅ ǎǘŀƴŘŀǊŘǎ ŜǎǘŀōƭƛǎƘ ǘƘŜ άǳǎŜǎέ ƻŦ ŀ ǿŀǘŜǊōƻŘȅ ŀƴŘ ŎƻƳƳƻƴƭȅ ƛƴŎƭǳŘŜ 
fishing, shellfish harvesting, swimming, and the ability to support aquatic life. Each state adopts criteria 
to protect the designated uses. CWA Section 303(d) requires that states identify those waterbodies 
ǿƘŜǊŜ ǘƘŜ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ŎǊƛǘŜǊƛŀ όŀƴŘ ǘƘŜǊŜŦƻǊŜ ǘƘŜ άǳǎŜǎέύ ŀǊŜ ƴƻǘ ōŜƛƴƎ ƳŜǘΦ ¢Ƙƛǎ ƭƛǎǘ ƻŦ ƛƳǇŀƛǊŜŘ 
waters is referred to as the 303(d) list.  

Washington Department of Ecology (Ecology) has identified impairments in the water column, fish 
tissue, and sediment in the Green/Duwamish River watershed. While the in-waterway cleanup and 
source control efforts will substantially improve the quality of LDW sediments and surface water, and 
reduce the seafood consumption risk by about 90%, some CWA-based impairments may remain 
following the LDW cleanup. Both the U.S. Environmental Protection Agency (EPA) and Ecology recognize 
the need for a scientific approach that can predict short and long-term improvements in water and 
sediment quality, and can subsequently predict the level of contamination in fish tissue over time, as 
different cleanup and restoration scenarios are implemented. 

State and federal actions to clean up historical contamination and to restore water quality in the 
Green/Duwamish River watershed are complimentary efforts aimed at a common goal: protecting 
human health and the environment. Remediation of contaminated sediments, soil, and groundwater in 
the LDW will help restore water quality, while reduction of pollutant loading throughout the watershed 
will help protect sediment quality and aquatic habitat in the LDW. Ultimately, successfully integrating 
state and federal efforts to improve both water and sediment quality will make the most progress 
toward attaining designated uses, including reducing the bioaccumulation of toxics in the food chain.  

The purpose of this report is to outline a proposed comprehensive and quantitative geographically-
based pollutant loading assessment (PLA) tool for the Green/Duwamish River watershed, the essential 
elements of which are described below. A considerable amount of monitoring, modeling, cleanup and 
restoration work has already been done by local governments, interested parties, and regulatory 
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agencies (e.g., Ecology, 2012b; AECOM, 2012a). This report identifies these previous and ongoing 
efforts, and is designed to incorporate these efforts into a proposal for future work in a way that best 
represents the complex dynamics of the Green/Duwamish River watershed. 

The PLA modeling approach consists of a linked watershed/receiving water/food web modeling system 
describing hydrology, hydraulics, hydrodynamics, and pollutant loading in the Green/Duwamish River 
watershed. The PLA tool will represent sediment transport processes, such as sediment buildup, washoff, 
resuspension and sedimentation, as well as the dominant processes affecting the pollutant fate and 
transport throughout the watershed. The original proposed components include a Loading Simulation 
Program - C++ (LSPC) watershed model, the Environmental Fluid Dynamics Code (EFDC) receiving water 
model, and the Arnot and Gobas food web model (FWM). The watershed modeling component was 
changed to the Hydrologic Simulation Program - FORTRAN (HSPF) following recommendations of the 
project team (details of the model conversion are described in Section 7).  

The objective of the PLA is to develop an assessment tool that considers existing watershed and receiving 
water conditions, as well as ongoing and future Superfund and MTCA cleanup efforts. The tool can be 
used to assess potential recontamination of post-cleanup sediments from incoming loads from the entire 
drainage area, including all lateral loads to the LDW; improve the effectiveness of the sediment remedial 
action; and address CWA water, sediment, and tissue quality impairments in the Green/Duwamish River 
watershed, including the LDW. The assessment tool can also help identify required load reductions from 
various sources in the watershed to address impairments in the receiving waters.The assessment tool can 
also help identify load reductions from various sources in the watershed and the receiving waters; and can 
be used to estimate loadings during and after sediment cleanup. 

The PLA tool can be used to assist with the following needs: 

¶ Understand the pollutant loading associated with point sources and the uncontrolled release of 
chemical pollution from diffuse sources throughout the watershed. 

¶ Compare different pollutant reduction alternatives to allow for more informed decision-making. 

¶ Predict the resulting short- and long-term improvements in fish tissue (within the LDW), water 
column, and sediment quality throughout the watershed.  

¶ Minimize recontamination of post cleanup sediments and improve the effectiveness of natural 
recovery. 

¶ Support adaptive management over time in response to measured progress in meeting water 
quality targets. 

3.2 Study area and surroundings  

The Green/Duwamish River flows for over 90 miles from the Cascade Mountains before discharging into 
Elliott Bay near the City of Seattle in northwest Washington State. This drainage, which makes up most 
of Water Resource Inventory Area (WRIA) 9, includes the direct lateral flows to the LDW, and represents 
the complete study area. Modeling of the watershed and LDW is proposed at two general scales for the 
PLA: the LDW receiving water and the Green/Duwamish River watershed. The approach is designed to 
address sources throughout the Green/Duwamish River watershed that affect water, sediment, and 
tissue quality in the LDW, address the CWA 303(d)-listed impairments throughout the watershed, and 
minimize post-cleanup recontamination of sediments in the LDW. The geographic scope is discussed and 
illustrated below for both the LDW and the Green/Duwamish River watershed.  
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The LDW is of particular interest for this PLA as it is the focus of many source control and sediment 
cleanup efforts. It is a five-mile, 441-acre waterbody located at the terminus of the Green/Duwamish 
River watershed. The LDW is defined as the stretch of water between the turning basin near S. 102nd 
Street Bridge and the southern end of Harbor Island (Figure 1). It is a stratified saltwater wedge estuary 
affected by both tidally-influenced Puget Sound saltwater and freshwater inflows from the 
Green/Duwamish River watershed. It is a navigable waterway and supports associated boat traffic and 
robust industrial commerce. Additionally, the waterway serves as a migratory pathway for numerous 
fish, including the threatened Puget Sound Chinook salmon and bull trout. Several neighborhoods are 
also located nearby (South Park and Georgetown), with a mix of residential, commercial, recreational, 
and industrial activities.  

 

Figure 1. Extent of the Lower Duwamish Waterway 

The LDW is at the mouth of the Green/Duwamish River watershed. Consistent with geographic 
information system (GIS) layers from King County, the Green/Duwamish River watershed area has been 
divided into four primary subwatersheds for consideration: 
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¶ Duwamish Estuary from Elliott Bay/Harbor Island to river mile (RM) 11.0 at Tukwila near the 
confluence with the Black River (22 square miles of industrial and residential areas; includes 
lateral loading to portion of the Duwamish River downstream of the Black River as well the 
LDW); 

¶ Lower Green River from Tukwila (RM 11.0) to Auburn Narrows (RM 32.0) (nearly 64 square miles 
of residential, industrial, and commercial land uses);  

¶ Middle Green River from Auburn Narrows (RM 32.0) to the Howard Hanson Dam (RM 64.5) 
(nearly 180 square miles of residential, forest, and agricultural land uses); and  

¶ Upper Green River from the Howard Hanson Dam to the headwaters (220 square miles of mostly 
forested land).  

Tributaries in these subwatersheds include the Black River, Mill Creek, Soos Creek, Newaukum Creek, 
and many other smaller creeks. 

The LDW, the receiving waterbody of primary concern, is located within the Duwamish Estuary 
subwatershed. Direct loading from this subwatershed to the LDW and additional combined sewer 
overflow (CSO) loading from the sewershed will be considered in this technical approach along with the 
comprehensive loadings from sources in the three upstream subwatersheds (Lower, Middle, and Upper 
Green subwatersheds). This watershed-based geographic representation allows for quantification of all 
sources associated with LDW and other Green/Duwamish River watershed impairments and accounts 
for the connectivity to Elliott Bay. Loadings from the land or direct discharges to the East and West 
Waterways will also be included into the technical approach as they impact conditions in the LDW via 
tidal processes. Ultimately, the connection to downstream receiving waters streamlines expansion of 
the approach to address impairments in the East and West Waterways as well as Elliott Bay in the 
future; however, specific details on other cleanup efforts in and around these waterbodies will not be 
included in this QAPP. 

3.2.1 History of study area 

The Green/Duwamish River watershed, located partially in Seattle, Washington, has historically provided 
habitat for fish, birds, and wildlife with its marshes and mudflats, but development has increasingly 
stressed the lower region of the basin and reduced the natural environment. In the 1890s, raw sewage 
and stormwater emptied into the Duwamish River, Elliott Bay, and Puget Sound. In the early 1900s, with 
the expansion of waterway commerce, industrial development and pollutants associated with this waste 
were also introduced to these waterbodies. During this time the estuary tidelands were filled in and the 
river was modified to serve the growing industrial and port activities.  

The downstream area, known as the Lower Duwamish Waterway (LDW), is now a largely engineered 
channel. Conditions subsequently deteriorated; however, the 1960s saw increased environmental 
awareness and action, with treatment plants being required to address industrial effluent and sewage. 
Contaminated soil, groundwater, and sediment remediation efforts are being conducted along with 
habitat restoration. Since the turn of the century, regional agencies have emphasized current and future 
actions, with both sediment investigation and cleanup as well as source control activities. Considerable 
resources have been utilized to characterize and prioritize these cleanup, restoration, and source 
control efforts. 
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Figure 2. Green/Duwamish River watershed 

3.2.2 Summary of previous studies and existing data 

EPA and Ecology began planning for the Green/Duwamish River PLA in 2013. Initial work was devoted to 
developing a Technical Approach document (Tetra Tech, 2014).  

In June 2015, Tetra Tech provided a technical memorandum that documented their findings on 
Green/Duwamish River Watershed PLA data gaps and pollutant groupings (Tetra Tech, 2015b). In this 
memo, Tetra Tech provided a discussion on pollutant behavior and grouping recommendations for 
candidate pollutants and data or knowledge gaps for the PLA model construction and source attribution. 

In June 2016, Leidos developed the Green-Duwamish River Watershed PCB Congener Study Phase 1 
report for 9ŎƻƭƻƎȅΩǎ Toxics Cleanup Program (Leidos, 2016). The report provided a concise summary of 
available information on PCB congeners and Aroclors and identified important issues to consider when 
evaluating historical PCB congener and/or Aroclor data or when collecting new data. In addition, this 
report compiled available PCB congener data in the Green-Duwamish watershed including any available 
information on data quality. This provided a basis for the Water Quality Database for the watershed.  

In July 2016, Tetra Tech published the first version of the QAPP under contract with EPA (Tetra Tech, 
2016). That QAPP provided a general description of the modeling and associated analytical work that 
Tetra Tech would perform for the project, including following data quality objectives (DQOs) and quality 
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control (QC) procedures to ensure that the final product satisfies EPA requirements. That QAPP also 
addressed the use of secondary data (data collected for another purpose or collected by an organization 
or organizations not under the scope of this QAPP) to support model development and application. 

In February 2017, Tetra Tech documented the development and calibration of hydrologic simulation 
models for the Green/Duwamish River watershed in a LSPC model development and calibration memo 
(Tetra Tech, 2017). The memo describes the model setup procedures and data sources, including 
information on subbasin and reach delineation, development of upland hydrologic response units and 
calibration of the model for hydrology.  

In June 2017, Leidos completed Phase 2 of the PCB congener study, funded by Ecology (Leidos, 2017). 
This study identified the types of contaminant sources that are contributing to the PCB pollution in the 
Green/Duwamish River and the LDW using multi-variate statistical techniques. It provided 
recommendations about which PCBs to model in the PLA and found that the most abundant homologs 
across water, sediment, and biota compartments are the tetra-, penta-, hexa-, and hepta- homologs.  

In March 2018, Tetra Tech converted the LSPF model back to HSPF under the direction of the project 
team and documented the changes in the Green/Duwamish River Watershed HSPF models memo (Tetra 
Tech, 2018). The memo includes model platform conversion, temporal extension, delineation and 
hydraulic refinements, and the addition of the sediment simulation.  

In April 2018, Leidos developed a Green/Duwamish Watershed Water Quality Database to support the 
PLA (Leidos, 2018). The database was created based on an existing database previously developed by 
Leidos. This task also provided an early look at the spatial/temporal patterns and gaps in the data during 
the modeled time window.  

The PLA is being developed ƛƴ ǇŀǊŀƭƭŜƭ ǿƛǘƘ ǘƘŜ 9t!Ωǎ {ǳǇŜǊŦǳƴŘ ǇǊƻƎǊŀƳ ŎƭŜŀƴǳǇ ƻŦ ǘƘŜ [ƻǿŜǊ 5ǳǿŀƳƛǎƘ 
²ŀǘŜǊǿŀȅΣ 9ŎƻƭƻƎȅΩǎ ǳǇƭŀƴŘ ǎƛǘŜ ǊŜƳŜŘƛŀǘƛƻƴ ǇǊƻƧŜŎǘǎΣ ƴǳƳŜǊƻǳǎ ǎǘƻǊƳǿŀǘŜǊ ŀƴŘ /ƻƳōƛƴŜŘ {ŜǿŜǊ 
Overflow (CSO) control projects, and other studies within the Green/Duwamish River. All information 
generated by these activities will be considered for use in the modeling effort. The goal of the PLA model 
development is to incorporate, to the extent feasible, all available data and knowledge of the system into 
the models.    

3.2.3 Parameters of interest and potential sources 

There are over 250 waterbody segment-pollutant combinations on the 2012 303(d) list in the study area. 
These include impairments for sediment, tissue, and water for over 50 pollutants. In addition, the 
Superfund Proposed Plan (PP) identified pollutants that are the primary human health risk-drivers based 
on the human health risk assessment (HHRA) conducted as part of the remedial investigation (RI) as well 
as ecological risk drivers. 

Based on the discussion with the project team, all the compliance end points (including the water quality 
and sediment standards) will be based on total PCBs, which is the sum of all congeners. The modeling 
team proposed to simulate total PCBs and use the physico-chemical properties from a selected group of 
homologs, which are groups of PCB congeners with the same number of chlorine atoms in the molecule. 
The selected groups of PCB homologs considered for modelling included tetra, penta, hexa, and hepta. 
This is the only change from the original list of candidate chemicals included in the previous QAPP (Table 
1). 
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Table 1. Final chemicals and groupings selected for modeling 

Parameter 
Fate and 

Transport 
Food Web Issues Decision 

PCBs Y Y Group of 209 congeners 
with a wide range of 
chemical properties.  

Simulate Total PCBs 
and use the physico-
chemical properties from 
the selected group of 
homologs (tetra-, penta-, 
hexa-, and hepta- 
homologs) for modeling.  

Carcinogenic 
PAHs (cPAHs) 

Y Y Group of 8 chemicals with 
differing properties. 

Simulate cPAHs as a 
group with approximated 
characteristics; reassess 
based on data analysis if 
necessary. 

Dioxins/Furans N NA Data are limited; simulating 
only 2, 3,7,8-TCDD will not 
represent full toxic potential 
associated with this group. 

Delay modeling until 
additional data are 
collected. (Model 
structure for PCBs will 
also work for 
dioxins/furans.) 

Arsenic 
(inorganic) 

Y N Determination of natural 
background concentrations 
may be an issue. 

Simulate inorganic 
arsenic only using a 
simplified mass balance 
approach. 

Phthalates Y N DEHP was suggested as a 
surrogate for other 
phthalates.  

Rapidly metabolizes in fish 
tissue, not a food web 
concern. 

Simulate DEHP and use 
as a surrogate. 

Copper Y N Aquatic toxicity evaluation 
requires dissolved 
concentration. 

Simulate dissolved and 
sorbed inorganic forms 
using USEPA translator 
guidance (1996) 
methods adjusted to 
local data. 

Zinc Y N Aquatic toxicity evaluation 
requires dissolved 
concentration. 

Simulate dissolved and 
sorbed inorganic forms 
using USEPA (1996) 
methods adjusted to 
local data. 

Mercury N NA Lack of data for 
methylmercury hampers 
evaluation of fate, 
transport, and 
bioconcentration potential. 

Do not model mercury at 
this time. 
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3.2.4 Regulatory criteria or standards 

Numerous targets exist for several different media in the LDW and the contributing watershed. Ongoing 
and future cleanup and source control efforts to address water column, sediment, and tissue 
contamination can be supported by the technical approach described in this QAPP. A properly designed 
and applied technical approach provides a source-response linkage and enables estimation of existing 
and potential future loadings, as well as the distribution of loads among sources and pathways. The 
estimated loadings will be used as indicators for the attainability of designated uses. The technical 
approach must enable direct comparison of model results to in-stream water, sediment, and tissue 
concentrations. Scenarios that simulate reductions associated with sediment cleanup, source control, 
and regional toxics reduction efforts can be run, evaluated through time, and compared to the various 
water and sediment targets by changing input values for different model parameters. Food web 
bioaccumulation modeling will be performed to evaluate the relationship between water and sediment 
targets with tissue concentrations in aquatic life. For the watershed and receiving water loading 
analyses and for future implementation activities, it is also important that the framework enables 
examination of point-source and land use loadings as well as in-stream concentrations.  
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4.0 Project Description 

In this section, both the project goals and objectives will be discussed. The differences between the 
project goals and the objectives are: the project goals describe the intended use of the tools developed 
by the project team and what are the goals will be achived through the use of the tools; the project 
objectives are the what kind of tools will be develop to achieve the goals including the requirement of 
the tool capability and questions that will be addressed.  

As described earlier, the PLA utilizes a group of three linked modeling tools: the watershed model, the 
receiving water model, and the food web model. This QAPP addresses the detailed modeling objectives 
and management scenarios for the watershed model and these are provided below. The project team 
will provide detailed modeling scenarios for the receiving water model, and background and calibration 
information regarding the food web model in future QAPP revision.  

4.1  Project goals 

4.1.1 PLA project goals 

The goals for the Green/Duwamish River watershed PLA modeling are to: 

¶ Address CWA 303(d) listings related to water, bed sediment, and tissue concentrations. 

¶ Protect investment in LDW cleanup (limit recontamination potential) under CERCLA. 

¶ Develop watershed, receiving water, and food web tools to describe source, transport, and fate 
of subject pollutants, compare model output to environmental quality targets1, and facilitate 
evaluation of management actions. 

As described earlier, the PLA utilizes a group of three linked modeling tools: the watershed model, the 
receiving water model, and the food web model. This QAPP addresses the detailed modeling objectives 
and management scenarios for the watershed model and these are provided below. The project team 
will provide detailed modeling scenarios for the receiving water model, and background and calibration 
information regarding the food web model.  

4.1.2 Watershed modeling goals 

Watershed modeling will assess the effectiveness of potential mitigation strategies meant to reduce 
contaminants within the Lower Duwamish Waterway and support clean water and a healthy habitat 
within the contributing watersheds. The modeling framework will support the needs as presented by 
stakeholders in the Green/Duwamish River watershed and the LDW. These needs are multifaceted and 
have evolved over time as the sources of contamination and their impacts on the habitat and aquatic life 
health are better understood.  

The watershed modeling framework is designed using four themes:  

(1) Leverage past efforts as appropriate to support a cost-effective process 

                                                           

1 Decisions on which numeric targets to apply have not been made. Discussion on potential targets was provided in the 

Technical Approach document (Tetra Tech, 2014). 
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(2) Integrate with current complementary modeling efforts (internal and external to the 
project) 

(3) Provide the necessary tools to characterize a highly complex physical landscape in a simpler 
quantifiable way 

(4) Be adaptable to allow for future assessments 

The final ǎŜƭŜŎǘƛƻƴ ƻŦ ǳǎƛƴƎ ŀ ǿŀǘŜǊǎƘŜŘ ƳƻŘŜƭƛƴƎ ŦǊŀƳŜǿƻǊƪ ōŀǎŜŘ ƻƴ ¦Φ{Φ 9t!Ωǎ Hydrologic Simulation 
Program-FORTRAN (HSPF) supports all four themes described above.  

4.2  Project objectives 

4.2.1 PLA project objectives 

The objective of the PLA is to develop an assessment tool that considers existing watershed and receiving 
water conditions, as well as ongoing and future Superfund and MTCA cleanup efforts. The tool must be 
capable of assessing the pollutant contribution of a specific point or distributed non-point source to the 
total pollutant water concentration, which will allow determination of each sourceΩs load contribution to 
the total load. In general, the tool will be used to assess source load reductions needed to reach CWA 
water, sediment, and tissue quality criteria. For example, the tool could be used to assess potential 
recontamination of post-cleanup sediments from incoming loads from the entire drainage area, including 
all lateral loads to the LDW; to evaluate and improve the effectiveness of the sediment remedial action; 
and address and predict CWA water, sediment, and tissue quality impairments in the Green/Duwamish 
River watershed, including the LDW. The assessment tool can also help identify required load reductions 
from various sources in the watershed and the receiving waters to address impariments; and can be used 
to estimate loadings during and after sediment cleanup. 

The PLA tool can be used to assist with the following needs: 

¶ Understand the pollutant loading associated with point sources and the uncontrolled release of 
chemical pollution from diffuse sources throughout the watershed. 

¶ Compare different pollutant reduction alternatives to allow for more informed decision-making. 

¶ Predict the resulting short- and long-term improvements in fish tissue (within the LDW), and 
water column and sediment quality throughout the watershed.  

¶ Minimize recontamination of post cleanup sediments and improve the effectiveness of natural 
recovery. 

¶ Support adaptive management over time in response to measured progress in meeting water 
quality targets. 

4.2.2 Watershed modeling objectives 

4.2.2.1 Watershed modeling questions 

Objectives are largely driven by the questions being asked. The substance of the questions helps define 
what types of data are needed, the extent of the data, the spatial and temporal resolutions, as well as 
the physical processes and mechanisms. These are discussed in the next section.  
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Below are a series of questions the modeling team will consider, most of which have been developed by 
stakeholders in the Pollutant Loading Assessment project. 

(1) What is the contribution of a contaminant from an identified point source (or sources) in the 
watershed? 

(2) What is the contribution of a contaminant from different land uses that are non-point 
sources? 

(3) What is the contribution of contaminant loadings coming from above Howard Hanson Dam 
versus downstream sources? 

(4) What is the atmospheric contribution of a contaminant to the receiving waterbodies? 

(5) What is the contribution of a contaminant from groundwater? 

(6) What is the contribution of pollutants from bank erosion in the watershed? 

(7)(6) What would be the minimum reduction of non-point loadings in the watershed to 
achieve the stated goals in the LDW? 

(8)(7) Can we model multiple pollutants at once? 

(9)(8) How do lakes/wetlands influence the fate and transport of the pollutants? 

(10) Will climate change amplify pollutant generation? 

(11)(9) What is the rank of pollutant contribution among point sources and non-point sources? 

(12)(10) What are the different methods of treatment that might be modeled? 

4.2.2.2 Watershed modeling objectives 

The watershed model integrates atmospheric conditions, the physical landscape, and how pollution 
sources vary over time. The design and development of the watershed modeling will need to achieve 
three objectives:  

(1) Provide boundary conditions for LDW modeling and analyses  

(2) Characterize the watershed to estimate loadings from pollutant-generating sources and to 
identify and quantify the pathways pollutants take the pathways pollutants can take  

(3) Evaluate the effectiveness of proposed mitigation strategies, such as permitting, CSO 
control, building materials removal, variety of BMPs and etc..  

Specifically, the modeling will fill data gaps in space and time that are not feasible to be filled through 
monitoring and will support evaluation of outcomes from possible future actions that cannot be 
measured in the present. 

Results from the modeling will also help identify reductions in loading necessary to achieve target 
conditions for environmental protection in the LDW. 

The modeling capabilities and objectives are separated into several categories including pollutants 
evaluated, study geographic area/spatial scale, characterizing land use/cover impacts, hydrology and 
hydraulic inputs, atmospheric inputs, pollutant transport and fate features, and boundary conditions. 
These categories are discussed in more detailsed below. 
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4.2.2.2.1 Pollutants to be evaluated 

The model will evaluate suspended sediment and sediment-associated contaminants. Suspended 
sediment is distributed into three fine grained sediment classesτone non-cohesive (sand) and two 
cohesive (silt and clay). Partition coefficients and sorption rates are adjusted based on characteristics 
associated with those grain sizes and covalence interactivity with the contaminants of concern. 
Contaminants of concern to be evaluated in the model include:  

¶ PCBs, using a weighted average coefficient for a set of congeners of interest  

¶ PAHs, simulating a surrogate representative of a set of PAHs of interest 

¶ Arsenic, simulated as a generalized constituent 

¶ Zinc, simulated as dissolved and sorbed forms 

¶ Copper, simulated as dissolved and sorbed forms 

Additional simulated constituents to be included: 

¶ Water temperature 

¶ Organic Carbon, simulated as particulate and dissolved forms 

¶ Hardness, simulated as a conservative parameter 

4.2.2.2.2 Geographic area and spatial scale of study area 

Analyses of model outputs can be readily performed at the catchment scale (i.e., at the outlet of any 
individual catchment or an aggregate thereof) but can include point sources when sufficient information 
is known and/or estimated.  

The watershed basins to be modeled include the Green and Duwamish River watersheds. The model 
study area starts just below Howard Hanson Dam (which represents the water conditions leaving the 
upper watershed above the dam and continues downstream, including lateral areas draining to the 
Lower Duwamish Waterway.  

Defined catchment areas included in the model generally range in size from a couple of hundred acres 
to several thousand acres. Simulated outputs will be available for each of these catchment areas. 

4.2.2.2.3 Characterizing impacts of land cover and land use 

Pollutant loadings are affected by land use type. Stormwater runoff and pollutant loadings can be 
evaluated under various types of land use conditions. The model development will account for 
watershed areas according to different land use and drainage characteristics. The model will be set up 
for existing conditions but can be adjusted to evaluate the effects of alternative land cover and land use 
scenarios, as needed.  

Current land cover and land use conditions are derived from satellite imagery collected in 2007. 
Watershed model categories include ten types of land use. Those categories are then partitioned into 
pervious and impervious land surfaces. Non-pollutant-generating impervious surfaces (i.e., roofs) are 
separated from pollutant-generating impervious surfaces (e.g., roads, driveways, hardened surfaces, 
etc.). In the Lower Duwamish Watershed, the model will reflect the fact that much of the land use is 
serviced by a combined sewer-stormwater collection system.  

Land use inputs will be adjusted for specific geographic areas, because the same land use type may have 
different loading rates in different basins.  
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4.2.2.2.4 Hydrology and hydraulics 

Measures of water quality that are time-dependent (e.g., established chronic and acute concentration 
thresholds, etc.) can be applied to simulated flow rates for the contaminants of concern. ThŜ ƳƻŘŜƭΩǎ 
temporal resolution will support analyses where durations of exposure are relevant.  

Simulated hourly continuous flow rates will be available at the outlet of every defined catchment in the 
watershed model. If other locations become of interest, simulated outputs could be generated (possibly 
with some limitations) for further analyses.  

4.2.2.2.5 Atmospheric inputs 

Impacts from atmospheric deposition of pollutants will be evaluated in watershed modeling results. 
Atmospheric loadings can vary spatially and temporally and will account for specific land use categories.  

Atmospheric inputs are specifically defined by the user and assumed to occur continuously at varying 
rates regardless of rainfall and can be defined for any time scale (e.g., hourly, weekly, monthly, etc.). 
Background concentrations generated from atmospheric loadings can be compared to land use activity 
loadings generated during stormwater runoff.  

4.2.2.2.6 Pollutant transport 

Stormwater runoff and pollutant loadings are simulated to be transported from the source to elsewhere 
using three possible pathways of transport over the land surface:  

(1) Fast response - rain falling on the land surface runoff that flows directly to ditches, streams, 
stormwater collection systems, etc. 

(2) Moderately fast response - rain falling on the land surface that infiltrates into shallow 
subsurface soils and reemerges in nearby receiving ditches, streams, etc., and  

(3) Slow response ς infiltration of rain falling on the land into groundwater and taking hours, 
days, or weeks to reemerge in nearby waterbodies (streams, lakes, rivers). 

4.2.2.2.7 Pollutant fate 

The fate of pollutants will be simulated according to their charateristics: (1) pollutants that bind to and 
unbind from sediment in the water column and/or stream bed, (2) pollutants that remain in solution 
and decay over time, and (3) pollutants that are largely non-reactive, such that mass is conserved as the 
pollutant is transported downstream.  

4.2.2.2.8 Boundary conditions 

The watershed model will generate lateral inputs for use in the receiving water body model for waters 
adjacent to the watershed study area.  

As previously mentioned, the upper boundary of the study area starts at the downstream side of the 
Howard Hanson Dam (HHD). This is thus the upstream boundary of the watershed modeling network. 
For every simulated watershed parameter to be included in the receiving water body model, there will 
be a need to develop a corresponding time series input into the watershed model based on HHD 
outflows. 
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4.2.2.2.9 Summary of objectives 

For the LDW, sources of simulated watershed loading rates into the LDW are from the upstream 
boundary conditions in the Green River water column and from adjacent lateral inputs that are 
generated from stormwater runoff and from shallow subsurface and groundwater fluxes.  

The stormwater runoff loading rates will be based on a build-up and wash-off method and will be 
tailored to land use and geographic location. Transport of the pollutants will include instream processes 
associated with deposition and resuspension of particulates in sediments. Potential source control 
actions can be applied to stormwater runoff upstream in the watershed and adjacent to the LDW to 
evaluate the effect on LDW of reductions in pollutant loading rates.  

Lateral watershed model subsurface flows into the LDW include fluxes of flow rates and loading rates for 
contaminants of concern. The two pathways for subsurface flow are shallow subsurface inflows 
assumed to reemerge along the banks of the LDW and the active groundwater that interacts with the 
river bed. The loading rates are user specified and can be adjusted to fit observed concentrations within 
the water column. 

Atmospheric loadings will be discretely evaluated to identify the relative contribution of pollutant 
loading to the LDW.Rates of atmospheric loadings of pollutants onto land will likely be applied as two 
distinct time series: higher loading rates for land within the LDW basin and lower rates for land in the 
Green River basin. The relative importance of background atmospheric loading rates can be compared 
to what is generated from stormwater and subsurface contributions.  

Combined sewer-stormwater systems within the LDW basin are separate from other sources to the LDW 
and will be evaluated separately.  

4.3 Information needed and sources 

The linked models will be developed with the existing body of data for the Green/Duwamish watershed. 
The available datasets are sufficient to begin the model development process, but it is unknown if they 
will be sufficient for final model acceptance for use in evaluating management scenarios. Tetra Tech has 
identified known limitations and gaps in the data in a prior memo (Tetra Tech, 2015b), but the 
ramifications of these data gaps on model confidence/uncertainty will not be fully understood until the 
model calibration process is underway. It is anticipated that the data gaps in surface water quality data 
will present a more substantial challenge than gaps in flow data. 

The model development process will be conducted in phases, beginning with the hydrology and 
hydrodynamic modules of HSPF and EFDC. Once the flow models are complete and water quality data 
are assembled in a database tool, the project plan includes parallel tasks to develop empirical loading 
estimates and to calibrate the water quality models. These tasks will bring the key data gaps into greater 
focus and identify needs for additional data collection and other analyses to improve the models. After 
calibration is completed with existing data (from within the period 1996-2017), the project team will 
evaluate the potential benefits and feasibility of gathering new data and extending the model 
calibration process to incorporate that data. Any future data collection efforts would be described in a 
data collection QAPP, and significant adjustments to the model development process would be captured 
in updates or addenda to this QAPP.  
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4.3.1 Data summary 

The data summaries produced in Tetra Tech (2014), Tetra Tech (2015a), and Tetra Tech (2015b) are not 
reproduced for this QAPP. Instead, a high level summary of the primary data to support model 
development is provided. 

Secondary data are those data previously collected under efforts outside the current project that are used 
for model development and calibration. Table 2Table 2 lists the secondary sources that may be used in 
model development. The sections that follow provide additional details regarding secondary data used for 
this task. 

Table 2. Primary sources of key secondary data 

Data Type Primary Sources 

Watershed Model (HSPF) 

Tributary and mainstem flow U.S. Geological Survey gaging (National Water Information System); King 
County Hydrologic Information Center 

CSO flows City of Seattle and King County Combined Sewer Overflow (CSO) 
monitoring and models 

Tributary and mainstem water quality 
data 

King County, USGS, Ecology 

Reach hydraulics and subwatersheds King County HSPF models, City of Seattle (for areas lateral to LDW) 

Meteorology National Climatic Data Center; King County; Washington State University 
Experimental Field Station, Parameter elevation Regression on Independent 
Slope Model (PRISM) climate data, North American Land Data Assimilation 
System (NLDAS) 

Point source information (e.g., permits, 
DMRs) 

Discharge Monitoring Reports (via Ecology) for non-stormwater discharges 
within the watershed 

Landcover/land use King County HSPF model (based on 30-m resolution 2007 satellite-derived 
dataset with 14 land use categories from the University of Washington) 

Soils USDA Statsgo 

Digital Elevation Models USGS National Elevation Dataset  

Atmospheric deposition Ecology and King County 

Receiving Water Model (EFDC) 

Model grid Existing EFDC models developed by LDWG and King County 

Meteorology Seattle-Tacoma International Airport (SEATAC), National Oceanic and 
Atmospheric Administration (NOAA) tide stations 

Tide, water surface elevation, and flow NOAA tide stations, USGS, output from HSPF CSO models/monitoring 
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Data Type Primary Sources 

Salinity and temperature King County conductivity, temperature, and depth (CTD) sensor monitoring 
data  

Water quality monitoring data Ecology (Sherlock and EIM), Puget Sound studies, King County 

Point source information (e.g., permits, 
DMRs) 

CSO discharge data from City of Seattle and King County 

Food Web Model 

Tissue data Ecology (Sherlock and EIM), Puget Sound studies 

Media concentrations Output from EFDC 

 

The following sections describe the data needed for each of the three models to be developed. 

4.3.1.1 Watershed model 

4.3.1.1.1 Flow data 

Reliable streamflow data are important to watershed model development, calibration, and validation. 
Flow data at locations within the model domain will be compared against modeled flow to evaluate the 
model performance. The USGS and King County maintain numerous stations in the Green/Duwamish 
system. Inflows at Howard Hansen Dam will also be used as a boundary condition. The USGS maintains 
streamflow gauge data, which are readily available through the National Water Information System 
(NWIS), accompanied by useful QC information. Some additional flow measurements are collected 
Ŏƻƴǘƛƴǳƻǳǎƭȅ ŀƴŘ ŀǊŜ ŀǾŀƛƭŀōƭŜ ǘƘǊƻǳƎƘ YƛƴƎ /ƻǳƴǘȅΩǎ IȅŘǊƻƭƻƎƛŎ LƴŦƻǊƳŀǘƛƻƴ /ŜƴǘŜǊΦ USGS data are 
available from the NWIS system at a daily interval and at shorter intervals via the USGS Instantaneous 
Data Archive, while King County data are available at 15-minute intervals. Figure 3Figure 3 shows the 
spatial distribution of the flow monitoring stations. Details on station names, period of record, and other 
details are provided in appendices to the Technical Approach (Tetra Tech, 2014). About half of these 
provide data throughout a proposed modeling period of approximately 1995-2015. The flow data should 
be sufficient for watershed modeling purposes and to achieve an appropriate representation of system 
hydrology. When flow data from sources other than USGS and King County gaging and field measurements 
are used, PLA modeling team will review the relevant QA protocols and document the results in the 
project report.  
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Figure 3. USGS and King County hydrology calibration stations in the study area 

Auxiliary information for hydrologic calibration is provided by several sources. Representativeness of 
selected precipitation gages can be checked against PRISM and other gridded precipitation products that 
interpolate against topography. Another important check is provided by satellite-derived gridded 
estimates of actual evapotranspiration. As the largest fraction of incoming precipitation is converted back 
to evapotranspiration, it is crucial to represent the total amount and seasonal patterns correctly. The 
NASA/EOS monthly MOD16 Global Terrestrial Evapotranspiration Data Set will be compared to the HSPF 
simulated total evapotranspiration. 

4.3.1.1.2 Meteorological forcing data 

Meteorological forcing data will primarily include data from the NOAAΩǎ NCDC surface airways stations 
and King County-operated stations. Atmospheric forcing data include precipitation, air temperature, 
wind speed, dew point, cloud cover, evapotranspiration, and solar radiation. 

Howard Hanson Dam 
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Figure 4. Precipitation and meteorological stations in the Green/Duwamish watershed 

Figure 4 shows the meteorological and precipitation stations identified in the Technical Approach. 
Details on station names, period of record, and other details are provided in appendices to the Technical 
Approach (Tetra Tech, 2014). Additional stations were identified in the BASINS dataset for the 
Green/Duwamish watershed that can be used to fill spatial gaps in the meteorological data, especially in 
the Upper Green watershed. The BASINS data also provide additional precipitation gages throughout the 
watershed.  

Precipitation varies considerably in the greater Seattle region, and the large watershed is subject to a 
spectrum of precipitation patterns. For example, annual precipitation records from 1971-2000 in the 
central part of the study area at Landsburg show an annual average precipitation of 56 inches, while 
data in the upstream portion of the watershed recorded at Cougar Mountain indicate almost double 
that value, at over 100 inches. 

In addition to these point observations, high resolution PRISM climate data are available to fill the gaps 
of weather data to support the model configurations. These data are grid-based and cover the entire 
modeling area. The North American Land Data Assimilation System (NLDAS) also provides grid based 
climate data. These point observation data and grid based data will be used together, and the spatial 
and temporal coverage will be sufficient to represent hydrology in the HSPF domain. 


















































































































































































